Abstract. This study presents a solution to the control of robot-camera system with actuator's dynamics to track a moving object where many uncertain parameters exist in the system's dynamics.
INTRODUCTION
Pan-Tilt platform with two layers freely rotates in two azimuthal direction (Pan) and angle (Tilt). This structure mainly is used as rotating radar platform (fixed or mobile located on car, train) or rotating tray of optical devices to monitor and test space. The majority of studies on this system ignores the impact of the actuators due to the fact that the system is often installed with gear reducer large reduction ratio. However, when the target moves fast and it is necessary to use the direct transmission, the impact of the dynamics of the actuators can not be ignored. At this moment it is necessary to install an additional model of the engines mounting in the joints of the pad into the c 2015 Vietnam Academy of Science & Technology dynamics of the whole system; it also needs to consider the interaction between the robot and the dynamics of actuators.
Currently in the world, there have been many studies and scientific reports on a method for controlling how to track moving targets using Pan -Tilt platform and camera. A control method using neural networks to compensate for the uncertainty components of the robot arms tracking target is described in [1] . The method for controlling how to track targets in 3D space by PanTilt camera system and using continuous pixel-tracking method and pixel filter is presented in [2] . Paper [3] has introduced the control method to track the target using signals via video obtained from flying objects. Paper [4] has used remote controlled robot arm having 6 degree-of-freedoms combined with a flexible control method to follow the target in 3D space. Paper [5] has introduced a new control approach using nonlinear observers for robot arm and a camera to track a moving target in 3D space. Stable control method combined with a neural network, identifying the parameters of the robot is described in [6] . The above reports often overlook the impact of actuators' dynamics mounted in the robot joints.
In this paper, the authors study methods for controlling Pan/Tilt pedestal mounted with the camera tracking a moving target with a number of uncertain parameters and also take into account the model of a direct current motor mounted in the joints of the pedestal.
The report is divided into four sections. After the introduction, the next part is building a mathematical model of the system and determining the visual servo problem. Following part is a proposal of Pan-tilt-camera control algorithm and notice of actuator's effect. Part 4 presents verification, simulation and finally there are some evaluation and conclusions. 
Description of camera imaging equation
The image of a point P (x, y, z) in space is mapped into the image plane obtained point I P (u, v)
with coordinates as follows ( Figure 1 ):
in which f is the focal length of the camera. 
Description of the kinematic and dynamic equations of Pan-Tilt robots [7] :
A block diagram of the overall system is described in Figure 2 . x c and x o are camera coordinate and target coordinate respectively in the Cartesian coordinate system attached to the robot platform. Kinematic equation of the robot is described as follows:
Time derivation of (3) is:ẋ
whereẋ c is the translational velocity and the angular velocity of the camera, J r the Jacobian matrix of the robot. Dynamic equations of the robot (4) and of the DC motor (5), (6) are described as follows: 
In which, J f is an image Jacobian matrix. On the other hand,ẋ c = J rq therefore, it yields:
Definition of general Jacobi matrix:
Equation (8) can be rewritten as follows:ξ
It is proposed that uncertain parameters of robot are described as follows:
in which H(q), h(q), J (ξ, q) are known components; ∆H(q), ∆h(q), ∆J (ξ, q) are unknown ones. Replacing (11), (12), and (13) on the place of the equation (4) and (10) results in a dynamic system of Pan-Tilt-camera platform with a lot of uncertain parameters:
ξ =Ĵq + ∆Jq (15)
Formulation of visual servoing problem:
The problem of tracking moving target consists in finding out
T so that the spindle motors of the camera platform follow moving targets and the error of image feature
From (14), it can be deduced that: 
From (16), (18) it derives:
with f = (∆H + G∆J)q −Ĥ GĴ
G∆Jq + ∆h.
Moreover, from (5), (6) and (19) there are:
The variables are set as follows:
With the inverse matrices, it can be seen clearly that the matrix ψ is an invertible matrix:
Combining equations (20), (21), (23), (24) results in:
Consequently, the tracking control problem becomes a state of finding voltage u E to control the system (25) stably approaching lim t→∞ z(t) → 0 while there are uncertainties about the component f 1 .
Of course, when lim t→∞ z(t) → 0 there is error in image feature e(t) → 0.
CONTROL ALGORITHM TRACKING THE MOVING TARGET USING NEURAL NETWORK
Let us look for the control voltage u E in the form of:
u 1 is control signals to compensate for the effects of uncertain components will be defined later.
Putting (26), (27) in the place of (25) yields:
If uncertain components f 1 = 0, and choosing u 1 = 0, the difference equation will be:
Equation (29) is asymptotically stable (z→0) with fast speed and no overshoot if the matrix K D , K P is chosen suitably. In any case, f 1 (0, then it needs to define u 1 in order to do that (25) asymptotically stable. Define:
Replacing (30), (31) on the place of (25) results in:
It is known that, a neural network RBF (Radial Basis Function) with a finite number of neurons can approximate unknown continuous and bounded function. Supposed that the robot is working in the nonsingular area so the f remain s continuous and bounded. It is to build a neural network with appropriate weight updating laws to approximate f and find out u that makes equation (32) asymptotically stable.
Artificial neural network, to approximate f ', is described (in Figure 3 T is defined as follows:
With W is the weight matrix with law updated online and ε is approximately bounded deviation ε ≤ ε 0 .
Here the input layer of the neural network is selected as n = 2 . The output layer has n = 2 of linear neurons. The hidden layer consists of neurons with output function Gauss in the form of:
in which c j , λ j parameters of the Gaussian distribution function can manually be selected.
Theorem 1. Pan-Tilt robotic camera system with 2 degree-of-freedoms with uncertain parameters (25) and neural networks (34), (35) will follow moving targets with errors e → 0 if we select control u and updating algorithmẆ of neuron network as follows:
In which K D =D + C,K P =DC;D is a positive definite symmetric matrix D = D T >0, and η, δ > 0.
Proof. Choose Lyapunov candidate function:
Take the derivative V over time:
From (33), (34) and K D = D + C, K P = DC, it derives:
Replacing (42) with (41), yields:
With online updating law:
in which w i is i column of matrix W, it results in:
Choose
And replace (47) with (46):
Choosing δ = ε 0 + µ; µ > 0 yields:
From (49)V is a negative -semi definite function. This implies that V (t) ≤ V (0) , and therefore, that s and W are bounded. Because the system is non-autonomous, it cannot conclude that s converge to zero. The Barbalat's lemma is used to prove the asymptotic stability of the system. Let us check the uniform continuity ofV . The derivative ofV overtime from (48) is:V
It is founded thatV is bounded because s, ε are bounded, s T s is the unite row vector of s and always bounded, D is the positive-definite constant matrix and constant. ThusV is uniformly continuous. According to Barbalat's lemma, the system is asymptotically stable meaning that s, z → 0 and.
THE SIMULATION RESULT AND ANALYSIS
To demonstrate the proposed algorithms, the following simulation is performed on Matlab-Simulink: -The chosen target coordinates are (0.8, -0.3, 0.2) m, the focal length of the camera is f = 5 mm and the initial position of the joint angles are (q 1 =0; q 2 =0).
-The dynamic parameters of Pan-Tilt pedestal [14] :
Inertial moment of joint 1 and joint 2 with:
C 1 , C 2 : Viscous friction coefficient with C 1 = C 2 = 0.001.
-Parameters of the two DC motors:
-Uncertainty: 10% of actual value. 
The aim of the visual servoing system is to control Pan/Tilt camera pedestal so that the image of the target is located in the center of the image plane (u = 0; v = 0). Matlab simulation results are described in Figures 4, 5, 6 , and 7 as follows:
The simulation results indicate that the robot-camera system is stable, although the system is affected by the dynamics and noise of motors. Despite the fact that there have been still a number of uncertainty parameters in the dynamic system of the Pan / Tilt pedestal the tracking error converges zero. It is seen in Figures 5 and 6 after 4.5 seconds, the system has basically tracked the target. The target image feature also nicely converges to the origin of the image plane in 
CONCLUSIONS
The paper proposes a control method for Pan-Tilt-Camera system driven by DC motors to track a moving object, when there are many uncertainties and noises in system dynamics. An RBF neural network with online learning weights is used to compensate the effects of unknown quantities and noises. The asymptotical stability of the overall system is proven by the Lypunov direct method.
Matlab simulation results show that the proposed algorithm could give satisfied convergence and high precision.
